ABSTRACT The evolution of Chagas' cardiomyopathy is poorly understood. We therefore examined the development of cardiac lesions in a rural Brazilian community for a period of 7 years. Initially, 42% of 1017 residents were seropositive for infection with Trypanosoma cruzi. Age-specific infection rates indicated that most had become infected before the age of 20 years. On follow-up, it appeared that those persons who developed cardiac lesions did so soon after infection, since the incidence of right bundle branch block and other ventricular conduction defects (VCDs) was also highest before age 20 years. The progressive nature of these lesions was demonstrated by frequent development of additional electrocardiographic abnormalities and high mortality among infected adults with VCDs. In contrast, mortality was low and approximately the same for seropositive and seronegative adults under 60 years who had normal electrocardiograms. Electrocardiography during the early asymptomatic stage of infection was able to distinguish persons with potentially lethal cardiac lesions from those with a benign prognosis.
tors have hypothesized that progressive myocardial damage occurs throughout this period,3' 7 but reactivation of a dormant infection or inflammatory process has not been excluded.
There have been few longitudinal studies of the natural history of Chagas' disease,5 6 8-13 and most have involved selected populations or did not specifically address the chronology of developing heart lesions. In 1974 we therefore began a prospective survey of an entire community in an endemic area of Brazil. 14' 15 This report describes the evolution of electrocardiographic (ECG) abnormalities over a 6 year period and the relationship between ECG findings and mortality after 7 years of observation.
Methods
Study population. In January 1974, there were 1051 persons living in the study area, a rural community of approximately 25 km2 near the town of Castro Alves, Bahia, Brazil. 1'4 Of these, 1017 persons (97%) participated in the study between 1974 and 1980. A yearly census was carried out, and in January 1981, the survival status of each resident was ascertained by personal encounter or by interview of relatives and friends for those persons not contacted directly. Eyewitnesses were consulted to investigate the circumstances of each death, because autopsies could not be obtained and most deaths were unattended by medical personnel.
CIRCULATION
During the study, residual insecticides were applied to the walls of houses for control of the local triatomine vector, Panstrongylus megistus. Periodic serologic surveys and searches of houses for triatomines indicated a progressive reduction in incidence of human infection and household infestation. 16 Medical assistance was provided to the population throughout the study. Incidence of infection and disease. Eleven persons "seroconverted" during the study and were analyzed separately. One 25-year-old woman with a previously normal electrocardiogram developed RBBB with anterior fasicular block (AFB) within 3 years of seroconversion. A 52-year-old hypertensive woman with left ventricular hypertrophy and strain developed incomplete left bundle branch block within 6 years of seroconversion. All seroconvertors survived until the end of the study. No person with a positive serologic test became seronegative.
During the 6 years of observation, the incidence rate of ventricular conduction defects (VCDs) was significantly greater for seropositive persons than for those who were seronegative. Most new VCDs were noted in seropositive persons under the age of 20 years, while no new VCDs were observed in seronegative persons less than 60 years of age (tables 2 and 3). Seventeen percent of seropositive children already had RBBB and/or AFB when first examined upon reaching 10 years of age (table 2) . Ten-to fourteen-year-olds had the highest incidence rate of new VCDs among seropo- In each age group below 60 years, the rate for seropositive persons with VCDs was at least three times greater than either the rate for seronegative persons or the rate for seropositive persons without VCDs (p < .05 for each group). In all age groups, the rate for seropositive persons without VCDs was less than three times the rate for seronegative persons (p > .05 for each group).
ANumbers in parentheses are the number of persons with new ventricular extrasystoles and the number of person-years of observation.
( One seropositive person was lost to follow-up and five seronegative persons who seroconverted are excluded.
Relative risk = estimate of the rate ratio (mortality of seropositive group mortality of seronegative group) calculated from age-stratified data (10 year strata). 20 ANumbers in parentheses are the number of deaths and the number of person-years of observation.
onegative persons whose initial electrocardiograms were normal. Multiform or paired ventricular extrasystoles were registered on at least one electrocardiogram in 75% of those with RBBB who died. Tall precordial R waves, isolated AFB, and isolated extrasystoles were associated with a slightly increased mortality in both the seropositive and seronegative groups. A total of 40 deaths occurred during the study, and in most cases the cause could only be surmised. However, of the eight seropositive persons with RBBB who died, five had symptoms suggesting chronic congestive heart failure, and three were observed to die suddenly during exertion despite having appeared well previously. The circumstances of death were more varied in the seronegative group and in the seropositive group without RBBB. Malignancy was diagnosed or suspected in three persons in each group, including an esophageal carcinoma found at autopsy of a seropositive man with Chagas' megaesophagus. Accidents and violence (three persons), febrile illnesses (five per-TABLE 6 sons), unexplained abdominal pain (five persons), and symptoms of congestive heart failure (five persons) were also commonly reported.
Discussion
In contrast to previous impressions of a long latent period, these age-specific data suggest that myocardial damage begins early in the course of chronic T. cruzi infection and is progressive in a subpopulation of those infected. Most residents of the area had acquired infection before the age of 20 years, as indicated by baseline prevalence rates of seropositivity.14 The Relative risk = estimate of the rate ratio (mortality of group * mortality of seropositive group with normal electrocardiogram) calculated from age-stratified data (10 year strata)20; VEs = ventricular extrasystoles.
ANumbers in parentheses are the number of deaths, and the number of person-years of observation.
BIncludes nine persons with both RBBB and VEs.
cardiograms developed few ECG changes and experienced mortality rates similar to those of seronegative persons.
The host-parasite factors that determine the outcome of infection in different persons have not been identified. Immune mechanisms, rather than destruction of cells by parasites, appear to be responsible for the chronic cardiomyopathy.3 In fatal cases, there is diffuse inflammation of the myocardium and fibrosis of both the myocardium and the conducting system.2' In contrast, the hearts of asymptomatic infected persons are normal or have only small foci of inflammation or fibrosis. 3 Although we and others have demonstrated a favorable prognosis for seropositive adults with normal electrocardiograms,,13 22 echocardiography, electrophysiologic testing, and other sensitive techniques expose subtle abnormalities in many such persons. 23, 24 These abnormalities are thought to represent residual foci of fibrosis or autonomic denervation from the acute stage of infection.3 The prognostic significance of these lesions has been debated, but our data suggest that they tend to remain subclinical. Clearly, the common practice of denying employment to all seropositive persons is unwarranted since the majority will not develop chronic heart disease.
Seropositive persons with conduction defects are at high risk for developing progressive myocarditis, although years may elapse before the appearance of symptoms.2 7 These persons should be examined regularly for potentially treatable complications such as congestive failure or complete heart block. Those with ventricular extrasystoles in combination with conduction defects, even on a short ECG tracing, are at high risk of sudden death and should be considered for antiarrhythmic therapy.25 Unfortunately, appropriate medical care is not yet available for many persons exposed to Chagas' disease.
The high incidence of VCDs in seropositive children and adolescents observed in this study differs from the age distribution reported in Venezuela. Puigbo et al. 9 were unable to document RBBB in infected persons under the age of 15 years, and they and Moleiro et al. 1 l found that the incidence of VCDs peaked in infected adults. These differences may reflect strain differences in the pathogenicity of the infecting parasites,26 or in age-related patterns of exposure to the parasite. Like our study, the Venezuelan studies showed the progressive course of cardiac disease in infected persons who develop VCDs.9' " T. cruzi infects an estimated six million persons in Brazil, ' and approximately one-third are under the age of 20 years. 14 
